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NATTONATL ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

IOW-SPEED TATERAL-CONTROL CHARACTERISTICS OF AN UNSWEPT
WING WITH HEKAGONAL ATRFOIL SECTIONS AND ASPECT RATTO 2.5
EQUIPPED WITH SPOTLERS AND WITH SHARP- AND
THICKENED-TRATLING-EDGE FIAP-TYPE ATLERONS

AT A REYNOIDS NUMBER OF 7.6 x 10°

By James E. Fitzpatrick and Robert L. Woods
SUMMARY

The lateral-control charscteristics of two spans of spoiler and
flep-type ailerons on an unswept wing with an aspect ratio of 2.5 and
hexagonal airfoil sections are presented. The tests were conducted at

& Reynolds number of 7.6 X 106 and a Mach number of 0.15. Measurements
of rolling moments, yawing moments, alleron hinge moments, normal forces,
and balance-chamber pressures were made for various configurations of
the wing with sharp- and thickened-trailing-edge ailerons, and droop-
noge and plain flaps in combination with a fuselage.

In the low-1lift range, the spoilers (which projected 0.06 chord)
produced rolling moments equivalent to 6° of total sileron deflection
for the unflapped wing and 12° for the wing with droop-nose flap deflected.
The rolling moments due to the spoiler and flap-type ailerons were
reduced at angles of attack above 7° and 12°, respectively, for the
unflepped configurations. The 1ift range through which the ailerons
and spoilers remained effective was extended by deflecting the droop-
nose flep.

The rolling moments due to the flap-type aileron were lncreased
by gbout 30 percent and those due to the spoilers by approximately
100 percent when the span was increased from L0 to 75 percent of the

semispan.

The aileron with trailing-edge-thickness ratio of 0.25 had & slightly
higher value of alleron effectiveness through a small deflectlon range
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than any other degree of tralling-edge thlckness tested. At high
deflections, however, the allerdm with trailing-edge-thickness ratic

of 1.00 was the most effective. The-hinge-moment parameters became

more negative with an Iincrease in trailing-edge thickness. Calculations
showed that the amount of balance chord requlred for complete balance in
a steady roll in the low-1ift range increased from 60 percent. of the
gileron chord for the sharp-tralling-edge alleron to 90 percent of the
alleron chord for the glleron with trailing-edge-thickness ratio of 1.00.

Calculations indicate that the hinge-moment parameters in & steady
roll would be smaller than those for the static condition when the droop-
nose flap is not deflected. '

Values of pressure-fluctuation amplitude and frequency at 10 percent
of the alleron chord behind the aileron hinge line, which could be asso-
clated with buffeting, were attasined at the angle of attack of initial
stall., The average value of pressure fluctuation was independent of
alleron deflection. ' '

INTRODUCTION

In order to minimize drag at supersonic speeds, thin wings of low
aspect ratio and relatively sharp leading edges have been proposed. A
tapered wing of thig type with an aspect ratio of 2.5 and thin hexagonsal
airfoll _sectlons was investigated at low speed in the Langley 19-foot
pressure-tumnel. The results of the lateral-control investigation of
the wing equipped with 0.75-semispan and O.40-semispan flap-type and
spoller ailerons are the subject of the present paper.

The lateral-conhtrol charsacteristics were determined for the ailerons
with several combinatlions of fuselage, droop-nose flap, and tralling-
edge flaps. Inesmuch as the results of references 1 and 2 have indicated
that improvements can be-mede in the rolling effectiveness of flap-type
ailerons at transonic and supersonic speeds by thickening the trailing
edges, the lateral-control characteristics of the 0.4Q-semlepan aileron
were also investigated on the wing with the trailling edge modified to
three different thlcknesses. In addition, the tests included measure-
ments of-the instantaneous pressure differentisl between the upper and
lower surfeces at four spanwlse stations.
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SYMBOLS AND COEFFICIENTS

The data are referred to the wind axes with the origin at 25 percent

of the mean serodynsmic chord. Symbols and nondimensional coefficients
used are defined &s follows:

‘wlng span, feet

-spoiier.spaﬁ perpendicular to plane of symmetry, feet

drag coefficient (Drag/qS)

1ift coefficient (Lift/qS)

rolling-moment coefficient (Rolling moment/qSb)
pitching-moment coefficient (Pitching moment/gST)
yawing-moment coefficient (Xawiyg]mopent/qu)

aileron hinge-moment coefficient Qﬂinge mcment/EMadD

rate of change of Cha' with o at 35 =0

. rate of change of “Cha with By at'-aﬁ =0

rate of change of Cha with Ga when wing is in a steady
roll.

rolling-moment coefficient due to rolling
rate of change of CZ with 63 at 8, =0
aileron normal-force coefficient (Normal force/ an)

local wing chord parallel to plane of symmetry, feet

_ _ b/2
mean aerodynamic chord %tjp . cedy
0 X
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alleron chord aft of hinge line and perpendicular thereto,
feet

eileron balance chord forward of. hinge line, feet—

gection lift-curve slope

balance-chamber pressure conversion factor
Predsire dlffereéence across seal

Presgsure difference across vents

moment area of alleron aft of hinge line, taken about hinge
axis, cublc feet

magnitude of resultant pressure fluctuation (difference between
pressures on upper and lower surfaces), pounds per square
foot

Pressure below seal - Pressure above seal
Kq

-~c7fvefted balance~-chamber pressure coefficiist

rate of change of PR with o et 5& = Q

rate of change of PR with Ba at Sa =0

rolling angular velocity, radlans per second
dynamic pressure, pounds per square foot (;V%/é>
wing area, square feet

aileron area aft of hinge line, square feet

ratio of tralling-edge thickness to aileron thickness at
hinge line

free-streem velocity, feet per second
angle of-attack of-root-chord line, degrees

effectlve change in angle of atteck caused by rolling veloclty,
degrees’ '
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Sa ailleron deflection measured in pléane perpendicular to hinge
line, positive when deflected down, degrees

Sat sum of equal up and down alleron deflections, degrees

Sf trailing-edge-flap deflection, degrees. (The 0.75-semispan

and 0.35-semispan flap-type ailerons are referred to as
flaps when both of a pair are deflected downward together.)

Sn droop-nosge-flap deflection, degrees

JA% equivalent change in angle of attack per degree flap deflection
AD (two-dimensional data)

e treiling-edge angle, degrees

p density of air, slugs per cubic foot

MODEL AND APPARATUS

The details of the wing and fuselage are shown in figure 1. The
model was constructed of solid steel, painted and polished to & smooth
finish. The wing had an aspect ratio of 2.5, a taper ratio of 0.625,
and neither dihedral nor twist. The symmetrical airfoll section was
hexagonal with leading- and tralling-edge angles of 11.42°. Between
the 30- and TO-percent-chord lines the surfaces were parallel and the
wing hed a thickness of 6 percent chord. The fuselage used for some
of the tests was of clrcular cross section and fineness ratio 8 to 1.
The wing roct-chord line was on the center line of the fuselage.

Details of the lateral-control devices are shown in figure 2. The
chord of the flap-type alleron was & constant percentage of the wing
chord (0.25c). The aileron extended from 0.20b/2 to O.95b/2 on the left
wing and was divided at the 0.55b/2 station so that the outboard portion
could be deflected alone or in combination with the inboard portion. In
various parts of the investigation the inboasrd portion and both portions
were deflected 50° in combinetion with corresponding portions on the
right wing to simulate high-1ift flaps. The trailing edge of the wing
was modified to 0.25, 0.50, and 1.00 of the wing maximum thickness for
some of the tests of the O.hOb/2 flap-type alleron. The leading edge
of the flep-type aileron was of circular-arc contour with the center
at the hinge line and was provided with & flexible seal (fig. 2). The
balance chamber was provided with orifices for measuring pressures
above and below the seal. The aileron was attached to the wing by means
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of-four strain-gage beams (two on each portion). The strain gages indi-
cated electrically the aileron hinge moments and the component of the
aileron force normal to the aileron-chord line. In additiom, the
magnitude and frequency of pressure fluctuations over the aileron

were measured by means of four miniasture inductance-type pressure

cells installed in the sharp-trailing-edge aileron at a distance of

10 percent of the aileron chord hehind the hinge line and at the span-
wise positions shown in figure 1. The messurements were transmitted
electrically tov a recording galvanometer.

The -spollers (0.40b/2 and 0.75b/2) were mounted normal to the wing
surface and projected 0.06 chord (see fig. 2). Dimensions of the 0.75b
leading-edge droop-nose flap are shown in figure 1.

A two-support system was used to mount the wing alone or the wing-
fuselsge combination in the tunnel. A photograph of the model mounted
in the tunnel is shown as figure 3.

TESTS AND CORRECTIONS

The tests were conducted 1n the 19-foot pressure tunnel with the
alr compressed to 33 pounds per square inch. The Reynolds and Mach

numbers of the tests were 7.6 X 106

and 0.15, respectively.

The latersl-control characteristics of the flap-type and spoller
allerons were determined by measuring the forces and moments through
a range of angle-of attack from -42 through the stall with the flap-
type aillerons set at various deflections. Alleron hinge moments, normal
forces, and balance-chamber pressures were also measured. The 0.75b/2..
sharp-tralling-edge aileron was tested both with and without the fuselage.
The O.hOb/E and 0.75b/2_sharp-trailing-edge ailerons were tested with
the wing leading-edge droop-nose flap deflected 30° and the fuselage on.
The O.hOb/E aileron was tested in conjunction with the 0.30b flap, with
and without the deflected droop-nose flap. Both spans of spollers were
tested with the fuselage on, with and without the deflected droop-nose- °
flap, and with and without the 0.75b flap. - The—test configurations-are
listed in table I. ' T s

The 1ift and pitchling-moment coefficients have been corrected for
support-strut tare and interference as determined by tare tests with an
image support system. The angles of attack have been corrected for alr-
streem misalinement as determined during the tare tests. The jet- .
boundasry corrections to the angle of sttack and drag were calculated by
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the method of reference 3. Jet-boundary corrections to the rolling and
yawing moments were found to be negligible. Slight rolling and yawing
moments were found to exist at zero deflection due to the small air-
stream misalinement across the tunnel. Corrections have been applied
for these effects.

A calibration of the balance chambers indicated leaksge through the
geal; the pressure differences measured across the seal were only 0.80
and 0.56 of the pressure differences across the vents for the sharp and
blunt ailerons, respectively. The factor was smazller for the blunt
gllerons than for the sharp alleron because smaller vent openings were
used with the blunt allerons (see fig. 2). The same seal was used for
all alleron configurations. Using the itwo conversion factors K, the
measured pressure differences across the seal were converted to pressure
differences across the vents which approximate balance-compartment pressure
differences with a perfect seal. This approximation neglects the effects
of the leakage on the vent pressures.

RESULTS AND DISCUSSION

Lateral-Control Characteristics

Spoilers.- The characteristics of the plain wing (fig. 4(a)) are
indicative of the type of flow associated with unswept wings that have
sharp leading edges and low aspect ratio. The rolling-moment coefficients
due to the O.hOb/E gspoiler obtained 1n the low angle-of-attack range
were gbout 0.0l, and an increasse in spoller span to 0.75b/2 doubled .
thie value. At angles of asttack above L4°, however, the rolling moments
decreased, and sbove 8° the longer span showed no apprecisble advantage
over the shorter. At angles of attack close to T°, separation occurred
near the wing leading edge (fig. 5) and the losding shifted toward the
tipe (reference U4). These changes in the flow are probably responsible
for the abrupt reductlon of spoiler rolling moments and the resrward
shift in center of pressure. Because of the separated flow conditions
that existed, an lncrease 1n spoiler projection would probably have
little effect on the rolling moments in the high angle-of-sttack range.
In the low angle-of-attack range the spoilers produced small, favoreble
yewing moments.

At a Mach number of 1.9 (reference 5) the spoilers produced rolling-
moment coefflcients of about half the value presented herein. The
0.75b/2 spoller at a Mach number of 1.9 (reference 5) produced yawing-
moment coefficients which were favorable and of greater magnitude than
those of the present investigation.
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By deflecting the 0.75b droop-nose flap 30°, the rolling moments
due to each spoller were increased and the angle-of-attack range for
which the spoiler remsined effective was extended considerably (fig. 4(b)).
The deflected droop-nose flap changed the flow over the wing so as to
delay leasding-edge separstion (fig. 5). The delay of separation by the
droop-nose flap ensbled the rolling-moment coefficlent due to the spoiler
to increase with 1ift coefficient. The yawing-moment coefficients became
adverse for this configuration with the 0.75b/2 spoiler (fig. 4(b)).

With the 0.75b flap deflected 50° in combination with the deflected
droop-nose flap, the rolling moments due to the spoller were lncreased
in the angle-of-attack range up to the stall (fig. 4(c)}). The rolling
moments obtained with this configuration were greater than those of
either of the other two configurations. With the 0.75b flap deflected,
the yawing moments became adverse at an angle of attack lower than that
with the flap neutrel. The yawing moments produced by the 0.75b/2
spoiler were more adverse than those of the 0.40b/2 spoiler (fig. U4(c)).
With the 0.75b flap deflected, the adverse yawing moment reached about
0.0225 as compared with 0.0075 for the configuration with droop-nose
flep alone (figs. 4(c) and 4{b)). At high 1ift coefficlents in a roll,
the yawing moments would tend to become even more adverse.

Flap-type ailerons.- The serodynamic forces and moments produced
by the deflected ailerons for the various configuratlons are presented
in filgures 6 to 16. The sileron effectiveness CZS was obtained from

cross plots of these data and is presented in figure 17. The effective-
nesa of the O.hOb/E aileron on the plain wing for each trailllng-edge-
thickness ratio is presented in figure 17(a). For all degrees of
trailing-edge thickness, the control effectliveness was gradually reduced
throughout the 1lift range and a large reduction occurred near meximum
1ift. The reduction in aileron effectiveness due to an increase in
trailing-edge thickness was only about 10 percent at low angles of
attack. References 1 and 2 show that an increase in rolling effective-
ness with increage in trailing-edge thickness is obtained at transonic
and supersonic speeds. }

The aileron effectiveness psrameter C28 for the 0.40b/2 aileron

was calculated according to the method of reference 6. The values of
gection lift-curve slope and of flap effectiveness Ax/AS for the sharp-
trailing-edge aileron were obtained from the experimental data of
reference 7. Values of Aa/AS and section lift-curve slope for the
thickened-trailing-edge aileron configurations were obtained by cor-
recting the values of—the sharp-trailing-edge aileron for differences

in tralling-edge angle according to figure 19 of reference 8. Values

for C1 were obtalined by calculating the values of C25 for

calc
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=0 at glven values:of ©. The following are the calculated and
experimental values of CZS for the varlious degrees of bluntness:

6 A c C )
t (deg) LD “lg ( 18)caatl.c ( 's exp
0 13.7 | 0.k02 | 0.096 0.00133" 0.00140
.25 10.3 L5 097 .00139 .001h5
50 6.9 . 428 .099 L001L6 00139
1.00 0 . 450 .101 .00157 .00135

0f course, thls comparison does not account for the effects of finite
trailing-edge thickness but it shows that trailing-edge-angle concepts
cannot be used to predict effects of trailing-edge thickness. In the
present investigation, the data indicate that after a certain degree
of trailing-edge thickness was reached, the aileron effectiveness was
reduced. Other effects, such as might be caused by flow arcund the
base, might counteract the effect of & decreased trailing-edge angle.

The O.hOb/Q gileron on the wing with the high-1ift devices showed
the same general trend of effectiveness through the 1lift range as it
did on the plaln wing. Extending the span of the alleron 0.35b/2
inboard increased the effectiveness by about 30 percent in the low-1lift
range (figs. 17(=z) and 17(b)). The calculated and experimental values
of C28 for the wing with the O. 755/2 glleron were 0.00213 and 0.00205,

respectively. The slight increase in Cz due to the addition of a
o]

fuselage (fig. 17(b)) might mean that the fuselage acted as an end
plate to increase the effectiveness of the inboard sileron. The dzts
of references 9 and 10 indicate that at transonic and sBupersonic speeds
the value of Cz8 for the plalin wing and fuselage decreased until at =

Mach number of 1.9 it reached sbout half the ialue obtained at a Msch
number of 0.15. This was true for both slleron spans (fig. 18).

Deflecting the partial- span flap reduced Cz in the low-1lift

range (fig. 17(c)). Deflecting the droop-nose flap extended the 1ift
range in which the ailleron remained effective (fig. 17(d)}); this effect
was due to the postponement of separetion around the sharp leading edge
until higher angles of attack were reached. ' Increasing the alleron
span resulted in an increase in effectiveness which was about the same
whether or not the droop- nose flap was deflected (fig. 17).
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The rolling-moment and yawlng-moment coefficients produced by a
total aileron deflection of 30° (15° equal and opposite) and, in some
cases, 500 are presented in figures 19 and 20. Figure 19(a) shows the
effect of various degrees of trailing-edge thickness. These results
are quite different from the results shown by the C25 curves of

figure 17(a). The difference is a result of the nonlinearity of the
curves for CZ rlotted against &. For the alleron with t = 0.25,

the slope CZS through zero deflection is higher than that for the

alleron with t—= 1.0, but the slope decreases at higher deflections.
With the full-blunt-silleron (t = 1.0}, CZS has a lower value through

zero deflection but it is more nearly constant at higher deflections.

For the other configurations, the trends shown by the rolling-
moment coefficients for a total aileron deflection of 30° are the same
as those shown previously by the variations of Cza.

The yawling moments produced by the deflected alleron tended to
become more adverse as the 1ift increased up to the stall (figs. 6 to
16 and fig. 20). For the configurations without the deflected droop-
nogse flap, most of the adverse yaw was contributed by the downward-
deflected aileron. This effect of the downward-deflected aileron is
attributed to the difference in induced drag of the two wings. The
downward-deflected alleron increased both the 1lift and the induced drag
of its wing.

Comparison of spollers and flap-type allerons.- The rolling moments
produced by the spoilers (which proJected a distance of 0.06c) are
compared with the rolling moments for several total alleron deflections
in figure 21. On the unflapped wing (fig. 21(a)), the rolling moment
due to the spoller is seen to be equivalent to that for a total aileron
deflection of 6°. Increasing the span of the spoiler to 0.75b/2
increases the rolling moment-to that obtained with a total aileron
deflection of 10° (fig. 21(b)). At a Mach number of 1.9 (references 5
and 10), the effectiveness of the 0.75b/2 gpoiler was found to be
equlvalent to the same total aileron deflection as that found in the
present investigation. Deflecting the droop-nose flsp 30° makes the
spoiler as effective as a total alleron deflection of 11° or 12°
(figs. 21(c) and 21(d)). A similar comparison of spoilers and ailerons
may be made in terms of flying quelities. The rolling effectiveness

pb

X for the plain wing was calculated from the equation
pb _ Cy
RG]
2v ZP
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A value of -0.22 for Clp was interpolated from the theoretical curves

given in reference 6. The value of gg for the 0.40b/2 spoiler varied

from 0.043 at zerc 1ift to 0.009 at maximum 1ift (o = 12°), whereas the
value for a total deflection of 30° of the 0.h0b/2 flap-type alleron
varied from 0.181 at zero lift to 0.151 at meximum 1lift. For the 0.75b/2
aileron, the values were from 0.1 to 0.0l for the spoiler and from 0.30
to 0.24 for a total flap-type-aileron deflection of 30°.

A comparison of the yawing moments produced by oppositely deflected
ailerons with those produced by spollers for the configurations shown
in figure 21 are presented in figure 22.

The foregolng comparisone of spoiler and slleron effectiveness must
be restricted to the low-speed range because of the following factors:

1. At higher speeds the aileron effectiveness is greatly reduced
by wing twist (reference 11). The effectiveness of a spoiler is not
reduced as much because the twisting moments due to a spoiler are of
lesser magnitude for & given rolling moment.

2. The rigid-wing spoiler effectiveness increases with speed in the
subsonic range (reference 12).

3. The higher control-force characteristice of allerons are partially
accounted for by power-booster systems.

L. In the moderate to high-lift range the yawing moment due to the

deflected control is more adverse for ailerons than for spoilers (fig. 22),
which would reduce the superiority of the aileron over the spoiler.

Alleron Hinge-Moment Characteristics

Blunt unbalanced ailerons on the plain wing.- The hinge-moment
perameters Ch6 and Cha are presented in figures 23 to 25. The

effects of seal leakage on these parameters have been neglected. With
increasing trailing-edge thickness the hinge-moment parameters increased
negatively (fig. 25). As shown in reference 8, a decrease in tralling-
edge angle also results in more-negative values of the hinge-moment
parameters. The effects of trailing-edge thickness and trailing-edge
angle were similar except that the degree of unbalance was not so great
with the thickened trailing-edge as would be expected for the same
reduction in trailing-edge angle on a sharp aileron (reference 8). The
difference is no doubt due to the change in pressure distribution brought
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about by the flow around the blunt-end. At angles of-mttack beyond the
gtall, the trailing-edge thickness had little effect on the hinge-
moment parameters. .

Sharp unbslanced ailerons with high-11ft devices.- The negative
value of Ch6 wag increaged by the addition of -the fuselage to the wing

with the O.75b/2 alleron, whereas the value of Chm was essentlially

unchanged (figs. 23(b) and 24(b)). These effects are assoclated pri-
merlily with the load changes over the inboard portion of-the alleron

due to wing-fuselage interference. A similar effect was noted when the
aileron span was increased with the fuselage on (figs. 23(e) and 24(4d)).
In the moderate angle-of-attack range, however, both parameters increased
negatively with «.

Deflecting the 0.35b flap 50° added s negetlve increment or an
unbalancing moment to the outboard alleron. Deflecting the droop-nose
flap 30° had 1ittle effect on Ch5 but considerably reduced the neg-

ative value of Chm and extended the angle-of-sttack range for reason-
able values of both parameters {(figs. 23(d) and 24(c)).

The effect of several amounts of internal balance on the hinge-
moment- parameter Ch6 wag calculated for the steady rolling condition.

The effect of a steady roll proportional to total aileron deflection
mey be approximated by the followlng equation from reference 8 5at

in the present paper has the same definition as Aba in reference é):

2 (Ao
c, '=¢C +_(_)Rch
hg hy 5% -

The values of*- E(AQ)R/Sat were estimated from the data given in
reference 8 to be .—173C18 for the 0.75b/2 ailleron and -2&2.2028

for the 0.40b/2 aileron.

The effect—of a sesled internal balance on the hinge-moment
characteristics was taken into sccount approximately by means of the

followling relations:
b
C =C
(hm)bal b, " E TR )
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and

2
- 1 b
CHONEE"SS LX)

where the subscript bal refers to the aileron with an internal nose
balance, and cb/ca 1s the balance-chord ratic. The measured hinge

moments are assumed to be for an alleron with a perfect seal; thus the
effects of the sesl leakage on the hinge moments were neglected.

The values presented beyond the stal% s?ould be viewed. with caution.
2(M&Xx
The value of Cz uged in determining __E__B was assumed constant
P at
at -0.22, whereas in reality it would tend toward zero at the stall.
The positive wvalues of Cha‘ beyond the stall are therefore somewhat

too high. The trends presented, however, are considered indicative of
the effect of balance. The results of these calculations are presented
in figure 26. A comparison of figure 23(a) with 26(a) shows that rolling
had a slight balancing effect, reducing Ch5 by about 0.001 in each

case. The amount of balance chord required for balance in the low and
moderate 1ift range increased from about O.6ca for the sharp alleron to

about 0.9c, for the ailerons with t =0.50 and t = 1.0.

The eddition of a fuselage tended to balance the 0.75b/2 aileron
for cb/ba = 0, but 414 not affect the balance chord required for com-

plete balance (fig. 26(b)). Rolling had little effect on the alleron
hinge-moment parsmeter Ch5 when the droop-nose flap was deflected.

The aileron balance chord required for balance was sbout 0.65 &t
0.85C . With the droop-nose flap deflected, an increase in aileron
Imax

span increased the degree of unbalance with no balance chord but did
not change the 0.65c, balance chord required for balance at 0.85C;: *

(fig. 26(c)). The values presented are more nearly applicsble in the
low-speed high-11ft renge, since increasing the Mach number has =
tendency to increase the degree of unbalance (references 8 and 13).
An estimate made from the results of reference 8 indicates that to
balance the alleron at a Mach number of 0.8 would probably require a
balance-chord retio about 0.1 higher than the ratios presented in
Pigure 26.
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Measurement of Pressure Fiuctuation

A sample of the records obtained with the recording galvanometer
of the pressure fluctuation over the sileron 1s shown in figure 27.
Certain amplitudes may be considered average (seey for example, that
designated AP/q in fig. 27) and they are plotted ageinst angle of
attack for several spanwise-locations and two deflections of the O.hOb/E
aileron in figure 28. The curves of figure 28 indicate that the ampli-
tudes of the pressure fluctuations Increase with angle of attack and,
beyond the stall, attain values approximately equal to the dynemic
pressure, : : o :

Figure 28 mey glve an indication of the stall-warning characteristics
of an airplane equipped with this type of wing. According to the
correlastion of pressure pulsations with flight buffeting (reference 14),
when the amplitude of the fluctuations reaches 0.15q, buffeting will
be encountered. This value 18 reached at an angle of attack of about
6.5° in all cases (fig. 28). This 1s also the angle of attack at which
the pitching moment breaks in a stable-direction (fig. 4) and the
geparated flow spreads resrward over the wing (fig. 5).

CONCLUSTIONS

The results of the lateral-control investligetion of two spans of
spoiler and flap-type allerons on an unswept wing with an aspect ratio of
2.5 and thin hexagonal airfoll sections lead tov the following conclusions:

1. In the low-1lift range, the spoilers {which projected a distance
of 0.06¢) produced rolling moments equivalent to 6° of totzl sileron
deflection for—the wing without flaps and 12° for the wing with droop-
nose flap deflected.’ C N B

2. The rolling moments due to the spoiler and flap-type ailerons
were reduced. at angles of attack sbove 7° and 120, respectively, for
the unflapped configuration. Deflectlng the droop-nose flap extended
the lift range in which the allerons and spollers remained effective.

3. The rolling moments due to the aileron were increased by about
30 percent and that of the spoiler by approximately 100 percent, by
extending the spans from 40 to 75 percent of the semispan.

L, An increase in tralling-edge-thickness ratio from O to 1.0
resulted in only a lO-percent—change in alleron effectiveness.
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5. The amount of baslance chord required for balance in a steady
roll has been calculated to increase from O.6ca for the sharp-trailing-

edge aileron to 0.9cg for the thickened-tralling-edge aileron.

6. A steady roll did not reduce the masgnitude of the aileron hinge-
moment perameters with the droop-nose flap deflected as it did when the
droop-nose flap was not deflected.

T. The amplitude of average pressure fluetuation at 0.10cg behind

the hinge line increased with angle of attack and attalned velues aprroxi-
mately equal to the dynamic pressure. The amplitude of the fluctuations
at which flight buffeting may be obtained (0.15q) were attalned at the
angle of attack of initial stall.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I

TEST CONFIGURATIONS
Aileron Spoiler

span, span,
Configuration percent | percent Figure Presented
b/2 b/2
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—————y t = 0.50 Lo — 8 -~ do ~
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-)-IO — 13 - do -
(‘f = 50°(0.35b flap)
-ho —— lh ~ do =
Lo —_ 15 - do ~
' 5 .75 —_— 16 ~ do ~
n
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Section A-A

Figure 1l.- Plan and sections of model. Aspect ratio 2.5; wing area
28 sq ft; taper ratio 0.625. All dimensions are in inches unless

otherwise noted.
o
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Figure 2.~ Diagrams of-lateral-control devices,



Figure 3.- Model mounted with fuselage on two-support system in
Langley 19-fool pressure tunnel.
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